Introduction
============

Accurate mediastinal lymph node staging is an essential preoperative component in a lung cancer workup. Endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) has become the desired tool of choice for mediastinal and hilar lymph node staging and diagnosis.[@b1-ott-7-2061]--[@b3-ott-7-2061] Due to advanced disease, a significant number of lung cancer patients are not primarily eligible for surgery; for them, only bronchoscopically obtained biopsies are available. With the evolution of personalized therapy for thoracic lung malignancies, sufficient tissue obtained by EBUS-TBNA is not only important for histopathological evaluation but also for the rapidly expanding number of molecular genetic tests. A multidirectional analysis of the EBUS-TBNA sample sufficient for molecular and pathologic assays following sample division has been presented by Nakajima et al.[@b4-ott-7-2061] However, it is not known if dividing EBUS-TBNA samples for histopathological and molecular analysis can be implemented in routine day-to-day practice without having an impact on the histopathological and molecular assessments in lung cancer subjects.

Materials and methods
=====================

Patients
--------

All patients presenting between October 2013 and March 2014 to our institution for EBUS-TBNA, with enlarged mediastinal or hilar lymphadenopathy detected by computed tomography (CT), were included in our study.

This study was approved by the Ethics Committee of University Duisburg-Essen, Essen, Germany (approval no 11-4921-BO) and informed consent was obtained from each patient.

EBUS-TBNA was performed in each lymph node measuring greater than 10 mm. In the event of negative or inconclusive histological results, further surgical procedures (mediastinoscopy or open thoracotomy) or a clinical follow-up within at least 6 months from surgery were performed. The lymph nodes from patients who underwent workup and were negative or who were inclusive for suspected lung cancer and did not show any evidence of progression of the adenopathy were considered negative ([Figure 1](#f1-ott-7-2061){ref-type="fig"}).

EBUS-TBNA
---------

All procedures were performed with rigid bronchoscopy and jet ventilation under general anesthesia. The EBUS-TBNA examination was performed with an EBUS-TBNA bronchoscope (BF-UC 180F; Olympus Corporation, Tokyo, Japan) and all mediastinal and hilar lymph node stations were assessed systematically and punctured with a 22-gauge needle (NA-2015X-4022; Olympus Corporation) if their diameter exceeded 10 mm. After the needle was passed in the lymph node under ultrasound guidance, the internal stylet was retracted halfway and the needle was advanced back and forth to obtain further tissue aspirates. No additional vacuum was applied. The number of passes was decided by the bronchoscopist based on the amount of obtained biopsy material. No additional suction was applied.

Dividing the specimen for pathological and molecular analysis
-------------------------------------------------------------

The biopsy material was placed onto a glass slide and the internal stylet was advanced to facilitate removal of tissue from within. A drop of saline (0.9%) was added and a needle was used to mix and divide the liquid and solid material into two equivalent parts ([Figure 2](#f2-ott-7-2061){ref-type="fig"}). One part was transferred to a tube, which contained 5 cc of formalin and then sent for histopathological evaluation. The other half was transferred into a 1.5 cc tube, which was immediately put on dry ice and stored at −80°C after the procedure. The remaining smeared material on the glass slide was sent for fast track cytological evaluation -- rapid on-site cytology performed by the pathologist in a separate room. If the pathologist confirmed the first half as adequate for histopathological assessment, the second half was used for a new molecular test based on CK-19-mRNA concentration measurement.[@b5-ott-7-2061],[@b6-ott-7-2061] Otherwise, if more tissue was requested by the pathologist for diagnostic purposes, the second half was also used for histopathological assessment.[@b7-ott-7-2061]

RNA analysis
------------

The samples were used to evaluate a new molecular test based on CK-19-mRNA concentration measurement. Eighty-five samples were centrifuged at 13,400 rpm for 5 minutes. The supernatant was discarded, 120 μL of Lynorhag (Sysmex, Tokyo, Japan) was added; afterwards, the sample was homogenized and centrifuged at 12,200 rpm for 60 seconds. Ten microliters of the lysate were used for CK-19-mRNA concentration measurement.

Statistical analysis
--------------------

The sensitivity, specificity, and predictive values were calculated using the standard definitions. Statistical analysis was performed using SPSS software (v19.0; IBM, Armonk, NY, USA).

Results
=======

Eighty-eight patients (66 male, 22 female; mean 66 years \[range 49--87 years\]) presenting with 249 enlarged mediastinal or hilar lymph nodes who met our inclusion criteria were enrolled in the study. All EBUS-TBNA samples were divided as described above. The punctured lymph node regions varied from one to seven (mean: 2.84) per patient and are listed in [Table 1](#t1-ott-7-2061){ref-type="table"}. Each lymph node region was punctured with one to six passes (mean: 3.18).

The cytological results confirmed malignant tissue in 113 cases (100 lung cancers: 41 adeno, 18 squamous cell, one adenosquamous, and 40 small-cell lung cancer \[SCLC\], plus 13 other cancers: nine colorectal, two Hodgkin's disease, and two squamous cell carcinoma of the hypopharynx).

Out of 136 benign or ambiguous results, 51 were followed up (nine mediastinoscopy, 19 thoracotomy, two thoracoscopy, and 21 CT/positron emission tomography \[PET\]-CT). In one case, histopathological evaluation of the whole lymph node revealed malignant tissue (adenosquamous carcinoma); in three cases PET-CT revealed hypermetabolic activity consistent with malignant disease; the other 47 were verified to be benign (15 anthracosilicosis, 30 reactive enlarged, and two cryptogenic organizing pneumonia).

The remaining 85 cases were not reevaluated by surgical means. In 68 cases, cytological evaluation had revealed malignant tissue in a different lymph node station and these patients received neoadjuvant or palliative treatment. Another 17 were lost to follow-up. The sensitivity, specificity, negative predictive value, and accuracy of EBUS-TBNA for detecting malignancy were 96.6%, 100%, 92.2%, and 97.6%, respectively ([Table 2](#t2-ott-7-2061){ref-type="table"}).

In six cases, the pathologist required the second half of the EBUS-TBNA specimen for further histopathological evaluation. This did not lead to a change of the histopathological result in any of the cases.

Eighty-five of the second half samples (35 SCLC, 26 adenocarcinoma, 15 squamous cell carcinoma, nine no proof of malignant cells) were sent for a new molecular test based on cytokeratin-19-mRNA concentration measurement.[@b5-ott-7-2061],[@b6-ott-7-2061] Out of these, 63 (74.1%) could be successfully performed.

Discussion
==========

Our study shows that dividing EBUS-TBNA specimens and preserving a part of the sample for molecular analysis (ie, CK-19-mRNA concentration measurement, etc) can be implemented in routine practice without having a negative effect on histopathological results.

Assessing tumor tissue for genetic variants such as in the epidermal growth factor receptor (*EGFR*) and the Kirsten rat sarcoma viral oncogene homolog (*KRAS*) genes, and the echinoderm microtubule-associated protein-like 4 -- anaplastic lymphoma kinase fusion gene (*EML4-ALK*), has become the standard of care, especially in support of personalized chemotherapy treatments for lung cancer patients.[@b8-ott-7-2061] Other predictive or diagnostic biomarkers such as v-raf murine sarcoma viral oncogene homolog B (BRAF) mutations or short stature homeobox 2 (*SHOX2*) hypermethylation have been proven to be helpful in experimental studies.[@b9-ott-7-2061]--[@b11-ott-7-2061] With the rapidly increasing number of molecular markers, it is pivotal to ensure that we are set to provide not only sufficient material but also tissue processed by the best and most efficient means for optimal patient treatment.

Nowadays, lung cancer diagnosis and staging is achieved with minimally invasive means, in particular with EBUS-TBNA, especially in the case of advanced stage tumors. Therefore, only small biopsies are provided for histopathological evaluation, immunostaining, and a growing number of molecular analyses.[@b12-ott-7-2061],[@b13-ott-7-2061] Assays for *EGFR*, *KRAS*, and *EML4-ALK* can be applied on a formalin-fixed paraffin-embedded (FFPE) EBUS-TBNA specimen.[@b14-ott-7-2061]--[@b16-ott-7-2061] Moreover, EBUS-TBNA provides high-quality RNA for biomarker testing.[@b17-ott-7-2061] However, there is doubt as to whether upcoming methods such as miRNA profiling can be performed on FFPE material.[@b18-ott-7-2061]--[@b20-ott-7-2061] Alternative methods such as cryopreservation with liquid nitrogen or the use of RNA preservative solutions are cost-intensive. A standardized extraction of DNA and RNA from such specimens that is easy to apply will become a key factor in the era of molecularly targeted personalized therapy.

Not every EBUS-TBNA needle pass contains tumor cells. Lee et al showed that the optimal diagnostic yield can be achieved after three needle passes.[@b21-ott-7-2061] If specimens are being sent to different laboratories or are intended to be analyzed by different methods, one has to be sure that every sample contains sufficient tumor material to enable adequate analysis. We previously conducted a study obtaining three separate EBUS-TBNA passages for molecular analysis in addition to the standard diagnostic procedure.[@b10-ott-7-2061] The proposed method in this study is less time-consuming and more cost-efficient in everyday practice. Sufficient amounts of tumor cells for both diagnosis and further molecular analysis can be provided. Developing a method that achieves molecular profiling in low-volume samples containing a known percentage of tumor cells is of paramount clinical importance.

It is known that SCLC does not always express CK-19-mRNA. The success rate of molecular testing performed on EBUS-TBNA samples would probably have been higher if additional tests had been performed.[@b22-ott-7-2061]

Our results demonstrate the feasibility of dividing EBUS-TBNA specimens without loss of accuracy in histopathological and molecular analyses. This allows clinicians to perform RNA profiling and tissue diagnosis on EBUS-TBNA material without the need for extra biopsies and with secure tumor cell content.
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![Flowchart of the lymph nodes evaluated in the study (CONSORT).\
**Abbreviations:** EBUS-TBNA, endobronchial ultrasound-guided transbronchial needle aspiration; LN, lymph nodes.](ott-7-2061Fig1){#f1-ott-7-2061}

![EBUS-TBNA material is placed onto a glass slide, mixed, and divided into two equivalent parts and sent for histopathological and molecular analysis, respectively. The glass slide is then referred to fast track cytological evaluation.\
**Abbreviation:** EBUS-TBNA, endobronchial ultrasound-guided transbronchial needle aspiration.](ott-7-2061Fig2){#f2-ott-7-2061}

###### 

Overview of the lymph node stations sampled for histological and molecular analysis and the mean number of passes per node

  Lymph node station   Nodes (n)   Passes per node
  -------------------- ----------- -----------------
  2 L                  1           4.0
  3 A                  1           3.0
  4 L                  30          3.2
  4 R                  43          3.3
  7                    52          3.1
  10 L                 11          2.9
  10 R                 8           3.5
  11 L                 41          3.0
  11 Rs                34          3.2
  11 Ri                28          3.0

###### 

Diagnostic performance after sample division of EBUS-TBNA in 1,164 nodes from 75 patients with suspected cancer

  Final diagnosis   EBUS-TBNA positive   EBUS-TBNA negative   Total
  ----------------- -------------------- -------------------- -------
  Malignant         113                  4                    117
  Benign            0                    47                   51
  Total             113                  51                   164

**Abbreviation:** EBUS-TBNA, endobronchial ultrasound-guided transbronchial needle aspiration.
